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The Problem 

ÅNon-convective winds cause fatalities in the U.S. 
every year 

ÅThey can occur with clear, sunny skies so people 
continue daily activities despite the risk 

ÅMost fatalities occur in vehicles or outdoors 
where objects can be blown over 

ÅMore than 83% of all non-convective wind 
fatalities are associated with the passage of 
extratropical cyclones 

(Ashley and Black 2008) 
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The Problem 

 

Fatalities due to various wind-related hazards, 
1980-2005 Tropical system fatalities only 

include deaths due to wind                        
(Ashley and Black 2008) 

Number of non-convective wind fatalities by 
year, 1980-2005                                            

(Ashley and Black 2008) 
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Notable Non-Convective Wind Events 

 

(Knox et al. 2011) 
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Figure from Duluth, MN NWS 

Examples of Damage with European Storms 

http://www.crh.noaa.gov/dlh/?n=101026_extratropicallow
http://www.bbc.co.uk/news/uk-scotland-16392381
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Extreme Event 26-27 Oct 2010 
How would this imagery help you anticipate strong winds? 
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The Problem 

ÅIntense extratropical cyclones are often 
associated with non-convective high winds 

ÅThere is no commonly accepted explanation for 
non-convective high winds but physical 
explanations include: 

Topography 

Isallobaric Wind 

Tropopause Folds 

The Sting Jet 
(Knox et al. 2011) 
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Stratospheric Intrusions 
& Tropopause Folds 

ÅStratospheric intrusions and tropopause folds can 
be identified by the presence of high potential 
vorticity and warm, dry, ozone-rich air  

(Danielson 1968) 

(Image by Laura Pan, NCAR, in collaboration with 
Kenneth Bowman of Texas A&M University.) 
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Potential Vorticity 

ÅPotential vorticity is a measure of the ratio of 
absolute vorticity to the depth of the vortex 

ïThe effective depth is the distance between 
potential temperature surfaces 

 

 

ïPV is the product of absolute vorticity and static 
stability 
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PV = 10-6 m2 s-1 K kg-1 = 1 PV unit or 1 PVU 
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Potential Vorticity 

ÅPotential vorticity increases 
rapidly from the troposphere 
to stratosphere due to the 
change in static stability 

Å1.5 to 2 PVU represent the 
dynamic tropopause   

ÅAn abrupt folding or lowering 
of the dynamic tropopause can 
also be called an upper-level 
PV anomaly 

ÅTropopause folding is most 
vigorous during the winter and 
spring and is closely related to 
strong upper-tropospheric jet 
streaks 

 

cyclonic flow 

Bluestein (1993, Synoptic-
Dynamic Met., vol. II) 
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Potential Vorticity 

ÅHigh potential vorticity in the stratosphere is 
attributed to large static stability: 
ïDiabatic heating due to ozone in the stratosphere 

ïCooling due to long-wave radiation in the troposphere 

ÅPV anomalies can be identified as dark regions on 
water vapor imagery due to low relative humidity 
values 

ÅWill assimilation of satellite temperature and 
moisture profiles improve model representation of 
stratospheric intrusions/folds? 
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The Sting Jet 
Å The Sting Jet is a mesoscale phenomenon believed to cause damaging 

winds in Oceanic/European cyclones 

Å Can produce hurricane force wind speeds 

Å Global distribution of Sting-Jet cyclones is unknown (Martinez-Alvarado et 
al. 2012) 

(Clark et al. 2005) 

Damaging winds 
originate from 
the tip of the 
comma head 

cloud 

5ŜŦƛƴŜŘ ŀǎ άŀŎŎŜƭŜǊŀǘƛƴƎΣ ŘǊȅƛƴƎ ŀƛǊŦƭƻǿǎ ǘƘŀǘ ŘŜǎŎŜƴŘ ŦǊƻƳ ǘƘŜ 
cloud head beneath the dry intrusion (Martinez-Alvarado et al. 2012) 
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How Can the Sting Jet be Identified? 

ÅThe release of Conditional Symmetric Instability (CSI) 
ïCSI is a moist instability that occurs when the atmosphere is stable wrt 

vertical and horizontal displacements and unstable to slantwise 
displacements 

 

 

 

 

 

(Emanuel 1984) 

Downdraft Slantwise 
Convective Available 

Potential Energy 
(DSCAPE) has been used 
to diagnose CSI in Sting 
Jet cyclones (Martinez-
Alvarado et al. 2011) 

Large scale ascent such as 
frontogenesis and 

sufficient moisture are 
ƴŜŎŜǎǎŀǊȅ ǘƻ άǊŜŀƭƛȊŜέ CSI 

(Browning 2004) 

Cloud head 
develops a 

banded 
appearance 

and 
descent 
extends 

beyond the 
tip of the 

cloud head 


